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ABSTRACT 31 
The addition of probiotics to feed has been widely applied to aquaculture practices and has 32 
been shown to provide beneficial effects to fish. This research aimed to evaluate the effect of 33 
probiotic Bacillus NP5 to promote the growth of catfish (Clarias sp.). Five treatments with 3 34 
replicates, namely 0% probiotic (control), 0.5 % probiotic, 1% probiotic, 1.5% probiotic and 2% 35 
probiotic (g/100 g feed) were used. The results showed that application of probiotic in catfish fed 36 
can promote better growth performance compared to control. Total digestibility and protease 37 
activity were significantly higher (P<0.05) in 1% probiotic compared to the other treatment. The 38 
value of specific growth rate was significantly highest (P<0.05) in 1% probiotic (2.67±0.18% day-39 
1), followed by 2% probiotic (2.63±0.02% day-1), 1.5% probiotic (2.42±0.07% day-1), 0.5% 40 
probiotic (2.29±0.14% day-1) and control (1.60±0.01% day-1). The addition of 1% probiotic in feed 41 
showed the best result on enzyme protease activities, protein digestibility, total digestibility, the 42 
final weight, specific growth rate, weight gain, feed efficiency and protein efficiency ratio among 43 
other treatments. 44 
  45 
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 47 
INTRODUCTION 48 
Aquaculture has become an important economic activity in many countries. Rapid 49 
aquaculture development contributed to the major part of the increased fish production in the last 50 
two decades. It is estimated that aquaculture supply 47.6% of total food fish supply for the world 51 
population in 2011 (Mathiesen 2012). Catfish (Clarias sp.) is a fish with high economic value on 52 
aquaculture. The intensive cultivation of catfish faces several problems, including the relatively 53 
expensive feed price, pathogen outbreaks (Ulkhaq et al. 2014, Fauzi et al. 2018), low environmental 54 
quality (Al-Dohail et al. 2009, Yusuf et al. 2015), and low feed digestibility (Afrilasari et al. 2016). 55 
Feed costs about 50-60% of total production costs in aquaculture (Tacon & Metian 2008). High-56 
density cultures in intensive systems require high amounts of feed to be added to the systems. 57 
Avnimelech et al. (2008) noted that the intensive aquaculture system is characterized by the high 58 
stocking density which is followed by the needs of high quality and quantity of artificial feed. The 59 
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use of artificial feed in intensive farming caused lower feed digestibility because it is difficult to 60 
digest compared with live feed (Afrilasari et al. 2016). Several methods have been applied to 61 
improve feed digestibility, growth, water quality and response immune in intensive aquaculture 62 
system, such as bio-Floch technology (Widanarni et al. 2012, Dauda et al. 2017), and dietary 63 
supplements with immunostimulant, anti-microbial and probiotic (Cheng et al. 2017, Dawood et al. 64 
2017)   65 
 Probiotic is additional microbe which can provide beneficial effects for the host (Nayak, 66 
2010). In aquaculture, probiotics application has been considered more environmentally friendly 67 
and effective to improve growth, feed digestibility, water quality and immune response (Mohapatra 68 
et al. 2012, Dawood et al. 2015, Kumar et al. 2016). Probiotics have been shown to have several 69 
modes of action: competitive exclusion of pathogenic bacteria through the production of inhibitory 70 
compounds (Perez-Sanchez et al. 2013),  improvement of water quality (Zhou et al. 2009; Chumpol 71 
et al. 2017), enhancement of immune response of host species (Newaj-Fyzul A et al. 2014, Aly et 72 
al. 2008a), and enhancement of nutrition of host species through the production of supplemental 73 
digestive enzymes (Zheng & Wang 2016). By improving the nutritional value of feed, probiotics 74 
produce some exogenous enzymes for digestion, such as amylase, protease and lipase (Adeoye et 75 
al. 2016). The exogenous enzyme can lead to an endogenous enzyme to hydrolyze nutrients from 76 
host feeding. The addition of probiotics in feed has been applied in aquaculture activities and can 77 
improve growth and feed efficiency (Wang et al. 2008).  78 
Probiotic used in this study was Bacillus NP5 isolated by Putra & Widanarni (2015). In the 79 
previous study, supplementation of Bacillus NP5 (fresh culture) could increase the growth, feed 80 
efficiency, enzyme activity of tilapia (Putra et al. 2015). Utami et al. (2015) reported that 81 
supplementation of dried Bacillus NP5 RfR to the feed could improve the growth performance of 82 
tilapia. This research aimed to evaluate the effect of probiotic Bacillus NP5 to promote the growth 83 
of catfish. 84 
 85 
MATERIALS AND METHODS 86 
Preparation of Probiotic  87 
 Probiotic used in this study was Bacillus NP5 isolated from the digestive tract of tilapia 88 
(Putra & Widanarni 2015). Isolates of Bacillus NP5 were cultured in 500 mL of TSB medium for 89 
18 h at a temperature of 29°C. Furthermore, the fresh culture probiotic was harvested by 90 
centrifugation at speed of 1000 rpm for 10 min to obtain the probiotic biomass. The probiotic was 91 
homogenized using a homogenizer in Phosphate Buffered Saline (PBS) for the addition to feed.  92 
 93 
Experimental Feed 94 
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Commercial feed used in this study contained the same nutrient (protein, lipid, energy, 95 
moisture) and commonly used in catfish culture. Feed contained protein of 29.75-30%, lipid of 96 
8.02-8.57%, and nitrogen free extract as carbohydrates of 32.75-30%. These values are in 97 
accordance with the nutrient requirement of catfish (Robinson et al. 2001). Feed was pollinated into 98 
the meal and then chromium oxide (Cr2O3) of 0.5% as an indicator of digestibility and 3% tapioca 99 
as a feed binder were added to the meal before the pelleting process. Feed was molded with a pellet 100 
machine at diameter of 1-2 mm and was dried using an oven at temperature 40oC for 24 hours. The 101 
experimental feeds were manufactured by adding different doses of (0, 0.5, 1, 1.5 and 2% (g/100 g 102 
feed)) Bacillus NP5 as probiotic into the feed. Bacillus NP 5 added to the feed and mixed with 2% 103 
egg yolk as a binder by spraying using a syringe according to Putra et al (2015). The formulation 104 
and proximate composition in this study are shown in Table 1.  105 
 106 
Table 1. Formulation and proximate composition of the experimental diets 107 
Ingredients (%) Diet (%) 
Commercial feed 100 
Tapioca 3 
Cr2O3 0.5 
Probiotic Bacillus NP5 a 
Proximate analyses (% dry matter) 
Probiotic diet (g/100 g) 
0 control) 0.5 1 1.5 2 
Crude protein 29.95 29.95 29.75 30.00 30.00 
Crude fat 8.04 8.57 8.55 8.17 8.02 
NFE 32.75 33.00 33.00 33.00 33.00 
Energy (Kcal/kg feed)b 251.78 256.74 255.88 253.64 252.42 
Moisture 6.41 6.57 6.60 6.45 6.41 
Note: aProbiotics: 0%, 0.5%, 1%, 1.5%, 2% (g/100 g feed) 108 
bDE: Digestible Energy = carbohydrate: 2.5 kcal DE; protein: 3.5 kcal DE, fat: 8.1 kcal DE 109 
(NRC 1993). 110 
 111 
Experimental Design  112 
The experiment was carried out at Laboratory of Aquaculture, Department of Fisheries, 113 
University of Sultan Ageng Tirtayasa, Indonesia. Juvenile of catfish were obtained from Tri Farm, 114 
Anyer Banten Province, Indonesia. A total of 225 juveniles of catfish (mean individual initial 115 
weight of 5.03±0.05 g) were used in this study. They were divided into five equal treatments (0% 116 
probiotic as a control, 0.5% probiotic, 1% probiotic, 1.5% probiotic and 2% probiotic) with each 117 
consisting of three replicates (15 fish/replicate). Fish were reared in 15 units aquariums with sized 118 
50 x 40 x 30 cm equipped with an aeration point and each aquarium was filled with 45 L water. 119 
Fish were reared for 45 days and before weighing the weight of fish, fish were fasted for 24 hours. 120 
The weight of catfish was evaluated once every 2 weeks. Feeding was done three times daily at 121 
08:00, 12:00 and 17:00 hours respectively with satiation. Uneaten feed and feces siphoned out every 122 
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morning before the next feeding and amount of the consumed feed were recorded. Replacement of 123 
water in the rearing aquariums as much as 50% of total volume were conducted every 3 days to 124 
maintain water quality. The water quality parameters including temperature (27-30.1oC), DO (5.48-125 
6.95 ppm) and pH (6.77-7.29) were monitored daily. 126 
 127 
Growth Parameters 128 
 The initial weight of catfish each aquarium was taken before and after the experiment which 129 
was considered as initial and final weight. At the end experiment, the growth parameters of the 130 
juvenile catfish were survival rate (1), weight gain (2), specific growth rate (3) and feed efficiency 131 
(4) that were determined according to Huisman (1987). While protein efficiency ratio (5) was 132 
determined according to Takeuchi (1988), by the following equations: 133 
Survival rate (%) = NT/N0 x 100       (1) 134 
Weight gain (%) = 100 x (final weight-initial weight)/initial weight  (2) 135 
Specific growth rate (% day-1)=100 x (lnWt-lnW0) / time (days)   (3) 136 
Feed efficiency (%)=100 x [W/ F].       (4) 137 
Protein efficiency ratio (PER) = Wet weight gain/Protein feed   (5) 138 
Where NT is the number of fish at the end (individuals), N0 is the number at the beginning 139 
(individuals), Wt is the average weight of fish at the end (g), W0 is the average weight of fish at the 140 
beginning (g),  W is wet weight gain (g) and F is dry feed intake (g). 141 
 142 
Digestibility Parameters 143 
Apparent nutrient digestibility coefficients of the diets were determined by indirect method 144 
using 5 g chromium oxidase Cr2O3/kg of diet (NRC 2011). Faeces collection was conducted in the 145 
day-7 after stocking by siphoning out the faecal material from the bottom of aquarium. The faecal 146 
material was dried at 60°C for 24 h and stored at -4°C until analysis. Nutrient digestibility (5) 147 
including protein digestibility (PD) and fat digestibility (FD), and total digestibility (6) were 148 
calculated according to Takeuchi (1988), by the following equations: 149 
Nutrient Digestibility   = 100 - [1-a/a’x b’/b]  (6) 150 
Total Digestibility (TD)  = 100 – [1-a/a’]   (7) 151 
Where, a is Cr2O3 percentage in the feed, a’ is Cr2O3 percentage in the faeces, b is a nutrient 152 
percentage in the feed, b’ is nutrient percentage in the faeces.  153 
 154 
Digestive enzymes activity 155 
The enzyme activity measured was the activity of protease, lipase and amylase according to 156 
the method by Bergmeyer & Grassi (1983). At the end of experiment, the live fish (five individuals 157 
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per treatment) were randomly selected and transferred to the laboratory. Then, the intestine was 158 
removed and a crude mixture of intestine was obtained by dissection at 4°C and rinsed with cold 159 
distilled water. The total intestine content was then homogenized in phosphate buffer (pH 7.5; PBS) 160 
(1 g per 10 ml) using a hand-held glass homogenizer at 4 oC. The homogenate was then centrifuged 161 
at 4oC at 15000 × g for 15 minutes. The supernatant was then stored at 4 oC prior to analysis. All 162 
enzymatic assays were conducted within 24 hours after extraction. 163 
 164 
Proximate composition analysis 165 
 The proximate composition of experimental diets and faecal samples was analysed 166 
according to the standard method of AOAC (1995). Crude protein was calculated by estimating 167 
nitrogen content by micro-Kjeldahl method. Crude lipid was estimated by ether extraction using 168 
Soxhlet. Moisture was measured by oven drying at 105oC for 6 hours, while total ash was 169 
determined by combustion at 550oC for 24 hours. Nitrogen-free extract was calculated by 170 
subtracting the percentage of other nutrients.  171 
 172 
Statistical Analyses 173 
All statistical analyses were carried out using the Statistical Package for the Social Sciences 174 
(SPSS) program for Windows (v. 16.0). Where significant differences were found, the means within 175 
each treatment and among treatments were compared using Duncan of multiple comparisons with a 176 
95% significant level. 177 
 178 
RESULTS AND DISCUSSION 179 
The effects of probiotics have been studied in many aquatic animals. Many studies showed 180 
that the growth of the gilthead sea bream (Sparus aurata) (Suzer et al. 2008), African catfish 181 
(Clarias gariepinus) (Al-Dohail et al. 2009), Epinephelus coioides (Sun et al. 2010), cobia 182 
(Rachycentron canadum) (Geng et al 2012), and giant freshwater prawn (Macrobrachium 183 
Rosenbergii DeMan, 1879) (Ghosh et al 2016), parrot fish (Oplegnathus fasciatus) (Liu et al. 184 
2018), and whiteleg shrimp (Litopenaeus vannamei) (Madani et al. 2018) fed the dietary probiotic 185 
significantly increased. In this study, all probiotic treatment can promote better growth performance 186 
of catfish compared to control. Growth performance of catfish fed diets containing different 187 
probiotic doses was presented in Table 2.  188 
 189 
Tabel 2. Effect of dietary probiotic Bacillus NP5 on growth performance of catfisha. 190 
Parametersb 
Probiotic Treatments (%) 
0 (control) 0.5 1 1.5 2 
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IW (g) 5.03±0.00 5.00±0.01 5.00±0.01 5.00±0.01 5.00±0.01 
FI (%) 143.67±2.08 148.00±7.27 146.67±2.08 144.67±3.06 140.33±2.08 
PA (U/min/mL) 0.48±0.07a 0.58±0.05b 0.70±0.04c 0.60±0.02b 0.62±0.01b 
LA (U/min/mL) 0.33±0.03a 0.44±0.03b 0.58±0.03d 0.57±0.01d 0.52±0.01c 
AA (U/min/mL) 0.22±0.01a 0.36±0.02b 0.45±0.05c 0.44±0.03c 0.43±0.02c 
PD (%) 52.95±1.71a 69.78±0.74b 76.97±0.98d 75.17±1.57cd 74.54±0.67c 
FD (%) 63.10±1.13a 72.82±4.13b 77.63±2.94b 75.94±4.49b 71.95±1.41b 
TD (%)  44.10±1.35a 51.04±2.39b 56.03±1.13c 52.36±2.14b 52.16±1.40b 
FW (g) 10.33±0.07a 11.76±0.10b 12.78±0.56d 12.02±0.34bc 12.38±0.1cd 
WG (g) 79.55±1.00a 102.28±1.59b 116.62±8.34d 105.23±5.11bc 110.62±1.61cd 
SGR (% day-1) 1.60±0.01a 2.29±0.14b 2.67±0.18d 2.42±0.07bc 2.63±0.02cd 
FE (%) 55.37±0.23a 68.57±4.30b 79.50±5.54c 72.71±1.98b 78.83±0.63c 
PER (%) 1.85±0.01a 2.29±0.14b 2.67±0.18c 2.42±0.07b 2.63±0.02c 
SR (%) 100±0.00 100±0.00 100±0.00 100±0.00 100±0.00 
Note: a The value in the same row followed by similar superscript are not significantly different 191 
(p>0.05). 192 
bInitial weight (IWB), (FW), feed intake (FI), protease activity (PA), lipase activity (LA), 193 
amylase activity (AA), protein digestibility (PD), fat digestibility (FD), total digestibility 194 
(TD), final weight (FW), weight gain (WG), specific growth rate (SGR), feed efficiency 195 
(FE), protein efficiency ratio (PER), survival rate (SR) of catfish. 196 
 197 
In the beginning, no significant difference (p>0.05) was observed in feed intake between 198 
control (143.67±2.08) and 0,5-2% probiotic treatments (148.00±7.27, 146.67±2.08, 144.67±3.06, 199 
and 140.33±2.08, respectively). This is indicating that the addition of probiotic to fed not affect to 200 
palatability. Similar results had been reported by Putra et al. (2015) and Elsabagh et al. (2018) that 201 
the addition of probiotic in feed could not significantly (p>0.05) on feed intake of tilapia. Similar 202 
results were also found in grouper (Efinephelus coioides) where supplementation of Lactococcus 203 
lactis and Enterococcus faecium could not increase feed intake (Sun et al. 2012). 204 
After culture for 45 days, the mean digestive enzyme activities of all probiotic treatment were 205 
significantly different from that of the control (Table 2). The protease activity was significantly 206 
higher (P<0.05) in 1% probiotic (0.70±0.04 U/min/mL) compared with the other treatments, but 207 
there was a significant difference between 0.5, 1.5 and 2% probiotic treatment (0.58±0.05, 208 
0.60±0.02, and 0.62±0.01 U/min/mL, respectively). Similar results were also recorded for lipase 209 
activity, the value of lipase activity was significantly higher (P<0.05) in 1% probiotic (0.58±0.03 210 
U/min/mL) compared with control (0.33±0.03 U/min/mL), 0.5% probiotic (0.44±0.03 U/min/mL) 211 
and 2% probiotic (0.52±0.01 U/min/mL). However, there was no difference (p>0.05) between 1% 212 
probiotic and 1.5% probiotic. Furthermore, Amylase activity was significantly higher (P<0.05) in 213 
probiotic treatment than control (0.22±0.01 U/min/mL). There was no difference between the 214 
amylase activity of 1-2% probiotic treatments (0.45±0.05, 0.44±0.03, and 0.43±0.02, respectively). 215 
Probiotic produces some extracellular/exogenous enzymes (protease, lipase, and cellulose) 216 
which can improve feed utilization (Zhen & Wang 2016). The exogenous enzyme could lead to an 217 
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endogenous enzyme to hydrolyze nutrients from host feeding. Bacillus NP5 produces protease, 218 
amylase and lipase which play a role in nutrients absorption (Putra and Widanarni 2015). Probiotics 219 
can improve digestive enzyme activity by stimulating the synthesis of the endogenous enzyme in 220 
the digestive tract (Dawood & Khosio 2016). In the present study, the better digestive enzyme 221 
activities obtained with all probiotic treatments compared with control. This indicated that the 222 
addition of probiotic could increase exogenous enzyme on the digestive tract of catfish. Similar 223 
effects had been reported by Aly et al. (2008b) with the addition of Bacillus spp. in tilapia and 224 
Nimrat et al. (2013) where supplementation of B. subtilis and Enterococcus sp. in black tiger 225 
shrimp (Penaeus monodon) postlarvae.  226 
The value of protease activity was significantly higher in 1% probiotic than the other 227 
treatments. This is suggested that the addition 1% probiotic in feed stimulated the growth of 228 
intestinal microbiota in the digestive tract of catfish. Buentello et al. (2010) noted that mechanism 229 
of probiotic is the colonization of beneficial bacteria. The beneficial bacteria can secrese digestive 230 
enzyme such as protease, lipase, and amylase which have to function is to digest macronutrients 231 
from feed into a form that can be absorbed by fish (Zhao et al. 2019). The present also confirms the 232 
similar hypothesis that all probiotic treatment can produce the better protease enzyme than control. 233 
The results were similar to the finding in freshwater prawn (Macrobrachium rosenbergii) that 234 
supplementation of probiotic in the diet significantly increased the protease activities (Gupta et al. 235 
2016, Sumon et al. 2018).  236 
Lipase and amylase are enzymes related to lipid and carbohydrate digestion, respectively. 237 
Major of probiotic are capable of secreting lipase, which triggers production and assimilation of 238 
essential fatty acid resulting in higher growth and immunity in fish (Mohapatra et al. 2012). In the 239 
present study, significant increase in lipase activity was observed in catfish fed Bacillus NP5 240 
containing diet. The results are parallel to the findings of Sun et al. (2012), who investigated the 241 
effect of probiotics (Lactococcus lactis and Enterococcus faecium) on the growth, feed utilization, 242 
digestive enzymes and immune response of juvenile E. coioides and the results showed that 243 
probiotics could significantly increase hepatopancreatic protease activities in the two probiotic 244 
treatments. Zhang et al. (2018) also reported that the addition Lactobacillus delbrueckii at various 245 
doses as feed additive significantly improve lipase activity in common carp intestine.  246 
The present study shows that different concentrations of probiotics had different effects on 247 
enzyme activity and the activity of the digestive enzymes did not increase with increased 248 
concentration of probiotics. The enzyme activity of 1.5 and 2% probiotic was significantly lower 249 
(P<0.05) than 1 % probiotic. This is suggesting that the increased activity of the digestive enzymes 250 
in the catfish intestine induced by indigenous probiotic strain has an inherent limit. Therefore, the 251 
use of higher probiotic concentration does not necessarily confer its beneficial effects significantly 252 
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in a dose-dependent way (Son et al. 2009, Talpur et al. 2013, Zheng & Wang 2016, Zhang et al. 253 
2018). 254 
The addition of probiotic to feed aimed to increase the population of probiotic in catfish tract 255 
so that the action mechanism of the probiotic in producing exogenous enzymes for digestion will 256 
increase (Merrifield 2010). Digestibility of fish diets is important because it can influence energy 257 
and nutrient availability, absorption and utilization. The value of protein digestibility in control 258 
(52.95±1.71%) was lower (p<0.05) than that of the 0.5-2% probiotic treatments (69.78±0.74%, 259 
76.97±0.98%, 75.17±1.57%, 74.54±0.67%, respectively). Furthermore, difference in fat 260 
digestibility between 0.5% probiotic, 1% probiotic, 1.5% probiotic and 2% probiotic. Total 261 
digestibility was significantly higher in 1% probiotic (56.03±1.13%) compared to the other 262 
treatment but there was no difference between 0.5% probiotic, 1.5% probiotic and 2% probiotic.  263 
Probiotics have been reported to increase intestinal enzyme activities and thus improve 264 
nutrient digestibility and feed absorption (Sankar et al. 2016, Valipour et al. 2019). In the present 265 
study, the value of protein digestibility, fat digestibility and total digestibility in probiotic treatments 266 
were significantly higher than control (p<0.05). This might suggest that the higher digestive enzyme 267 
activities obtained in the probiotic treatments are mainly the outcome of stimulation by probiotic 268 
itself or exogenous enzyme produced to synthesize endogenous digestive enzyme which might have 269 
improved nutrient digestibility. Similar results were found in white shrimp (Litopeaneus vannamei) 270 
that probiotic Bacillus subtilis in their feed can increase crude protein digestibility, crude lipid 271 
digestibility and dry matter apparent digestibility (Tsai et al. 2019). 272 
The value of final weight and weight gain of the control was lower (p<0.05) than that of the 273 
0.5-2% probiotic treatments. Feed efficiency of the control (55.37±0.23) was significantly lower 274 
(P<0.05) than that of the 0.5-2% probiotic treatments (68.57±4.30, 79.50±5.54, 72.71±1.98, 275 
78.83±0.63, respectively) and there was no difference between 1% probiotic and 2% probiotic. The 276 
increased nutrient digestibility (protein, fat and total digestibility) in catfish has a positive 277 
correlation to final weight, weight gain, PER, and SGR. High enzyme activity and high feed 278 
digestibility were capable of influencing fish growth and feed efficiency (Afrilasari et al. 2016). 279 
The higher feed efficiency was found in 1% probiotic than the other treatments. A similar result 280 
also occurred in the study on the addition of probiotic to feed which could improve feed efficiency 281 
in tilapia (Utami et al. 2015, Elsabagh et al. 2018), parrot fish (Liu et al. 2017), whiteleg shrimp 282 
(Madani et al. 2018).  283 
PER is the ratio of weight gain to the quantity of protein fed. In this study, the value of 284 
protein efficiency ratio in probiotic treatments was significantly higher than control (p<0.05). The 285 
increased protein digestibility led to the value of probiotic treatment better than control. The better 286 
feed efficiency obtained with the supplemented diets suggested that the addition of probiotics 287 
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improved PER in probiotic 1%. Similarly, Al-dohail et al. (2009) observed that the PER of African 288 
catfish (Clarias gariepinus, Burchell 1822) fingerling with the addition of Lactobacillus acidophilus 289 
as a probiotic in the feed. The similar result also reported in the study on the addition of probiotic to 290 
feed which could improve PER in rainbow trout (Oncorhynchus mykiss Walbaum) (Merrifield et al. 291 
2010), and white shrimp, L. vannamei (Tsai et al. 2019). 292 
The addition of probiotics to diets also produced the best SGR, with statistically values better 293 
than the control (P<0.05). The value of SGR was significantly highest (P<0.05) in 1% probiotic 294 
(2.67±0.18% day-1), followed by 2% probiotic (2.63±0.02% day-1), 1.5% probiotic (2.42±0.07% 295 
day-1), 0.5% probiotic (2.29±0.14% day-1) and control (1.60±0.01% day-1). in the previous study, 296 
probiotic has been modulated gut microbiota and subsequently improved digestive enzymes 297 
secretion which improves digestion and feeds utilization (Wang et al. 2012, Zokaeifar et al. 2012, 298 
Putra et al. 2015, Dai et al. 2019).  Therefore, growth improvement observed in the present study 299 
may be due to increased activities of digestive enzymes and enhance feed digestion and absorption. 300 
It is showed with the higher value of digestive enzyme and nutrient digestibility in probiotic 301 
treatment compared to control. In the present study, the high concentrations of probiotic-302 
supplemented (1.5%-2% probiotic treatments) in diets may not further promote the SGR of catfish. 303 
This might be related to the lack of enzyme activity (protease, lipase, and amylase) in catfish 304 
intestine of 1.5%-2% probiotic compared to 1% probiotic treatment. This result is in agreement with 305 
the report of Ghosh et al. (2008), which showed that the use of higher concentration of the probiotic 306 
did not always lead to better performances of growth. Similar results had been reported by Sun et 307 
al. (2010) in the addition of Bacillus spp. in Epinephelus coioides. Probiotic in the very high dose 308 
will cause the negative effect of the microflora in the digestive tract (Ramos et al. 2013).  309 
In this study, there was no difference in survival rate among treatments (p>0.05), indicating 310 
that the addition of probiotic to fed did not affect to fish health. Similarly, Utami et al. (2015) found 311 
that the survival rate of tilapia with the addition of Bacillus NP5 in the diet. Kumar et al. (2013) 312 
also reported that supplementation of B. licheniformis as probiotic could no decrease the survival 313 
rate of giant freshwater prawn, Macrobrachium rosenbergii (de Man, 1879). 314 
 315 
CONCLUSION 316 
The addition of probiotics to feed can promote better growth performance of catfish 317 
compared to control. The specific growth rate, protease activity and protein digestibility were 318 
significantly highest (P<0.05) in 1% probiotic (2.67±0.18% day-1, 0.70±0.04 U/min/mL, 319 
76.97±0.98%, respectively) than other treatments. The addition of 1% probiotic in feed showed the 320 
best result on enzyme protease activities, protein digestibility, total digestibility, the final weight, 321 
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specific growth rate, weight gain, feed efficiency and protein efficiency ratio among other 322 
treatments. 323 
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